Background: Surgical treatment of non-small cell lung cancer (NSCLC) with aortic invasion is still debated.
Introduction
Initial reports of extended resections required for lung cancer with infiltration of adjacent organ structures were associated with high rates of incomplete resection considerable morbidity and mortality and poor long-term outcome [1] , [2] . Newer data has yielded promising survival rates between 30% and 40%, if no mediastinal lymph node metastases are present and complete resection is achieved [3] , [4] . However, recent series has provided 25% up to 40% long-term survival data of resected patients with multiple and single node unsuspected N2 disease [5] . Various resection techniques have been refined for locally advanced (T4) tumors, mostly non-small cell lung cancer (NSCLC) with invasion of the carina, vena cava and spine [6] . Regarding T4 tumors, predominantely N2 NSCLC with aortic invasion few reports exist [7] , [8] , [9] , [10] , [11] , [12] , [13] , [14] , [15] , [16] , [17] with limited numbers of patients which were treated with different therapeutic regimens. The studies vary for surgical technique and use of bypass adjuncts, and reveal non-homogeneous early outcome and survival (Table 1) . In this paper we discuss the surgical outcomes of patients with N1 unsuspected N2 T4NSCLC and aortic involvement according to distinct surgical procedures of aorta resection-reconstruction and subadventitial dissection.
Patients and methods
Between 1993 and 2005 thirteen patients underwent extended resection of locally advanced lung cancer with aortic involvement, and were retrospectively reviewed. The patients were given a clinical diagnosis of a primary NSCLC of the left upper lobe (n=12) and lower-lobe (n=1). Aortic infiltration (clinical T4) was diagnosed with a chest computed tomographic scan ( Figure 1 ). All patients underwent a bone scan, abdominal CT imaging, and magnetic resonance or CT imaging of the head to rule out distant metastasis. Absence of mediastinal lymphadenopathy was diagnosed when lymph nodes had a short diameter of less than 1.0 cm on the CT image, and was histologically confirmed by performing staging mediastinoscopy. Positron emission tomography (PET-CT) has become available at our institution only at the end of 2006. PET-CT, just as thoracoscopy or thoracotomy, were not used for the staging of the T and N status; whereas EBUS, EUS-FNA were accidentally used for suspicious targets detected on CT scan. Selection criteria included patients less than 70 years of age without significant cardiac disease (echo, stress-echo), renal disorders, or considerable co-morbidities, and a predicted post-operative FEV1 more than 40% by perfusion scan in combination with pulmonary function tests. Written informed consent was obtained from all patients based on the current surgical results and risks of extended surgery for T4 lung cancer, in particular of aortic surgical repair.
Operative techniques
The operative approach was an axillary anterior thoracotomy. The pericardium was completely incised around the hilar vessels. Posteriorly, the pericardiotomy was extended upward to an U-shaped hilar release. The descending aorta was encircled with a tape just below the aortic tumor adherence. Anteriorly the ductus arteriosus was divided giving access to the aortic arch, which was laid free and encircled with a tape between the origin of the left carotid and subclavian artery. Absence of tumor invasion of the carotid arteries and the thoracic spine below spine level Th 9 indicated that resection could be carried out without the use of a bypass support. Initially the lung resection as either pneumonectomy or lobectomy was performed in a standard fashion. The bronchus was cut and closed by simple interrupted sutures of 4-0 vicryl, followed by nodal dissection (levels 7, 10, 4, and 9) including N1 nodes, where appropriate for the surgical procedure; whereas nodal stations 5, 6, 8 were removed together with the tumor, thus processing a complete lymph node dissection. Full exposure of the tumor and adherent aorta was obtained by traction of the detached lung towards the thoracotomy (Figure 2 ). When the aortic infiltration was locally confined to the adventitia and a plane of dissection within the aortic wall could easily be developed, a subadventitial dissection was conducted ( Figure 3A) . Otherwise, when invasion of the aortic media was evident or suspected, and more than approximately 30% of aortic circumference was involved by the tumor, tubular aortic resection was performed ( Figure 3B ). Beginning at the site of the anticipated proximal anastomosis, the aorta was mobilised circumferentially. Intercostal arteries were exposed and clipped to the distal margins of the aortic tumor adherence. At this point 100% oxygen, full heparinization and permissive moderate hypotension were started. Next the aorta was cross-clamped, divided and extracted en bloc with resected lung. The aorta was replaced with a primary patent prosthetic graft using a continuous 3-0 polypropylene suture for anastomotic repair. Finally the bronchus was covered with viable neighbouring tissue. 
Statistical methods
The primary end point of the study was postoperative death from any cause following surgery or the last followup visit. Patient survival was analysed with the date of thoracotomy as the starting point using life-table estimates by the method of Kaplan-Meier. Differences between the curves when comparing the groups were tested for significance using log-rank statistics. A p-value of less than or equal to 0.05 was considered significant.
Results
The clinical and pathological characteristics of the 13 cases are depicted in Table 2 . Most patients were male, with a mean age of 62 years (range 49 to 69 years). Surgical procedures included 9 pneumonectomies, 3 upper lobectomies, and one lower lobectomy together with aorta resection-reconstruction (case 1-8) or aortic subad-ventitial dissection (case 9-13). Ten patients underwent concurrent bifurcation plasty (n=5), partial resection of the oesophagus muscle wall (n=4), and double sleeve (n=1). Histologically, the tumors consisted of adenocarcinoma (n=7), squamous cell carcinoma (n=4), and undifferentiated carcinoma (n=2). No important differences were noted concerning age, sex, histologic assessment, pathologic N status, or adjuvant therapy among aorta procedure related groups. Of the 13 patients, who were clinically diagnosed N0-1, 5 pathologically revealed N1 and 7 unsuspected N2 or N3 in one. The N2, N3 nodes were found fixed to the tumor, and were only discovered at the time of histologic examination of the operative specimen. The nodes were limited to a single node or station, and were related to 5, 8L, 8R stations. That highlightens the clinical problem of preoperative differentiation between a centrally located tumor and immediate adjacent or clearly involved nodal disease which even intraoperatively -given that an en bloc resection is performed rather than a discontinuous resection -may be impossible; and finally explains that in this study accuracy of clinical N-factor only reached poor 38%. On the other hand, of the 13 patients who were diagnosed clinical T4, 11 had pathologic confirmation of T4 (histologic evidence of tumor within the aortic wall), 7 (64%) with invasion of the media. The accuracy of clinical T factor was 85%. Resection was complete in 11 (85%) patients including patients with tubular aortic resection. Although resection was considered complete by intraoperative frozen section, in 2 (15%) of the dissection patients resection was ultimately incomplete since a lymphatic tumor cell propagation microscopically was found at the aortic resection margin. Radiation therapy was administered to all but one patient with N1 or N2/3 disease because of the suggestion that this decreases local tumor recurrence. The operative characteristics of the 8 patients who underwent aortic resection and graft replacement are set out in Table 3 . Clamp times were 20 to 32 minutes (average, 24 minutes). The patients were extubated after an average of 1 day (range, 0 to 3 days). No perioperative complications due to aortic clamping were noted. In particular spinal cord injury as either paraplegia or paraparesis was not observed. No early deaths occured. There were three major complications in 2 patients including postoperative bleeding (n=2) and late chylothorax (n=1), and were successfully treated by VATS (video-assisted thoracoscopic surgery). The other patients had no postoperative complications and recovered uneventfully. Average stay in the intensive care unit was 8 days (range 7 to 10 days) and in hospital was 27 days (range 23 to 32 days). The in hospital respective 90-days-mortality rate was 0%, and the morbidity rate was 23%. Follow-up was completed for all patients in 8 to 125 months (average 36 months). Four patients died of systemic metastasis and 2 died of local recurrence within 35 months of the operation. In addition, one patient died of unknown reason 62 months after resection therapy. Six patients were alive after a median follow-up of 40 months (range 15-125 months) with two absolute 5-year survivors. The median survival time of the 13 patients was 28 months and the overall 5-year survival rate was 45%. The median survival time and 5-years survival rate were 48 months and 67%, respectively, for the 8 patients with aortic resection/reconstruction, and 17 months and 0%, respectively, for the 5 patients with aortic dissection (p=0.001, Figure 4 ) favoring aortic resection. The differences in survival between patients with complete or incomplete resection (p=0.198) failed to reach significance, due to the small numbers of patients in each group. On the basis of pathological N factor the overall 5-year survival rate was 52% for patients with pathological N1 and 39% for patients with pathological N2 or N3 (p=0.998, Figure 5 ), underlining the adverse implications N2 and N1 disease had on survival. Eighty percent of patients with aortic dissections ( 
Comment
Resection of the aorta in combination with resection of N2 lung cancer has been considered of unproven therapeutic value since the oncologic results of such surgery were disappointing [18] . According to a literature review (Table 1 ) approximately 100 patients underwent aortic resections with T4, mostly N2 primary lung cancer as were included in distinct therapeutic regimens (adjuvant chemo-/radiotherapy and induction chemotherapy). In these series the overall postoperative mortality ranged from 0 to 12.5%. However, pooling different types of aortic resections (resection/reconstruction and subadventitial dissection; bypass support, cross clamp), reveals non-homogeneous outcome and long-term survival. The involvement of the aorta influences the type of resection. Aortic invasion can be suspected when the tumor is in apposition to the aorta and the fat plane is lost between the aorta and the tumor [19] . The invasion may be limited to the adventitia, but more commonly the media will also be invaded. When present resection requires crossclamping to remove the infiltrated wall. On technical aspects using a CPB or a shunt prothesis may facilitate resection [12] , [16] , and in case of aortic arch involvement will maintain perfusion of the upper and lower part of the body during cross-clamping in order to prevent spinal cord ischemia and renal failure [12] . However, former results of surgery for descending thoracic aortic aneurysm repair [20] , [21] provided support for our thesis that clamp and sew aortic resection with T4 lung cancer and limited invasion to the descending aorta is feasible with a low incidence of complications. Since spinal cord injury is the single most devastating complication, its occurence is particularly likely in repair of the peridiaphragmatic aorta [22] . From this area spinal cord vessels mostly arise in particular the artery of Adamkiewicz between Th 8 and L 1 in up to 91% [23] , [24] . Consequently we restricted aortic resection to the above Th 8 spine area. Average 5 intercostal arteries were sacrificed less than are judged critical for cord perfusion [22] . Due to our operative strategy which encloses lung resection at first step followed by aortic resection-reconstruction, we were able to minimize aortic occlusion time to or less than 30 minutes; thus reducing the risk of spinal cord injury and other critical complications [20] , [21] , [25] . Nodal disease compromises long-term outcome [9] , [10] , [12] , [13] , [15] and limits survival by tumor relapse. Therefore it has been claimed that operative indication should be restricted to patients who were diagnosed clinical N0/1 [10] . Whereas chemotherapy, most likely in its neoadiuvant form has been administered to patients with clinical N2 disease [15] and, was proposed [17] or demanded [12] for pathological N2. Mediastinal lymphadenopathy was diagnosed as clinical N2, when the lymph node had a short diameter of greater than 1.0 cm on the CT image [15] , or was confirmed pathological N2 by performing mediastinoscopy [10] , [17] . Scarce information is available regarding clear up of immediate adjacent or clearly tumor involved nodes in particular of paraaortic, subaortic, and periesophageal nodes. These nodes represent regional disease (adjacent nodal metastases) of a centrally tumor with aortic invasion. The high numbers of unsuspected (nonimaged) N2 nodes in this study and unsettled (imaged) N2 disease in others is a glaring problem and may have been the result of an incomplete or inadequate pretherapy staging of the mediastinum. Another explanation is that because the series extend over long periods, modern diagnostic techniques (videoendoscopy; PET modalities; EBUS and EUS-FNA) were not available or were applied only exclusively at that time. Today, there is a strong demand for improved application of staging modalities, as is critical for selecting patients that may most benefit from an operation. However, we must be aware that the quality of staging frequently is limited for cases in which: (1) direct video-endoscopic access to subcarinal node, and para-/subaortic or perioesophageal node might be prohibited by extension of the tumor itself; (2) identification of regional disease (adjacent mediastinal nodal metastasis) using PET scan modalities can be confounded by the intense hypermetabolic activity of a centrally located tumor [26] ; (3) the routine use of EBUS or EUS-FNA without suspicious targets on PET and CT scans for N2 is unsafe [5] ; and finally, (4) surgical exploration as a staging tool to select patients with potentially resectable, clinically staged T4 N0-1 lung cancer may lead to a risky and unfavorable discontinuous dissection of lung and aorta tumor structures, disregarding that in our opinion the surgeon should be able to evaluate the possibility of a radical resection before thoracotomy. Given that even a "thorough" staging will not ultimately predict mediastinal N2 disease distinct multimodality treatment regimens disclosed a way out this dilemma: patients with a T4 NSCLC infiltrating the aorta, and with CT matched lymphadenopathy as clinical N2 disease showed after induction chemotherapy a marked reduction of lymphadenopathy and no metastasis on postoperative histologic examination. That indicated a possible downstaging in 7 out of 10 patients after therapy, and was associated with 5-year survivals of 70% for patients with N0 and 16.7%, respectively, for patients with persistent N2 or N3 disease [15] ; alternatively, patients with T1-4 NSCLC and with integrated PET/CT microscopic unsuspected N2 disease who underwent complete resection, and were followed by adiuvant therapy (chemotherapy and radiotherapy), had 5-year survivals of 35% to 40% [5] which is at least threefold better than the average number oncologists quote for N2 disease. Although the studies are hardly comparable for several aspects, nevertheless the results obtained let us firmly believe that for a given heterogeneity of N2 disease patients may profit from a certain multimodality treatment concept and that there is a place of primary surgery for accurate staged limited N2 disease. However, as there is not at all clear that preoperative chemotherapy is actually better than postoperative chemotherapy further studies are needed. As affecting our current practice and based on our results we suggest the following treatment algorithm. Patients with a T4 tumor infiltrating the aorta, as confirmed by CT imaging, should routinely undergo PET-CT and mediastinoscopy, and further examinations, such as EUS-FNA or EBUS for suspicious targets identified by both CT scan and PET-CT. Patients who are N2 positive will get induction chemotherapy. Those N2 negatives will get a radical lung and aortic en bloc resection and systematic lymph node dissection. Patients with unsuspected N2 disease will have adjuvant chemotherapy, and in case of extracapsular or multistation N2 disease radiotherapy is added. Outcome is adversely affected by incomplete resection and recurrence [9] , [12] . There is strong evidence that complete resection can have more favorable results [15] , [17] . Two of our initial patients (case 9, 10) who underwent subadventitial aortic dissections had local tumor recurrences about 5 and 10 months after the operation. We suspected that local recurrence was due to lymphatic tumor cell propagation beyond the aortic adventitia. Furthermore we speculated that aortic dissection, even when proven a complete resection by intraoperative frozen section, fails to reach one fundamentals of radical cancer surgery, i.e. resect at a distance of the tumor. That is why such a "shaving" procedure reflects a borderline potentially endolesional resection in patients with even minimal aortic involvement and, from a surgical point of view, risks a marginal, discontinuous and incomplete resection. In contrast to that radical en bloc resection of the tumor and invaded aorta has the uppermost potential for work out complete resection. Another 4 patients had systemic tumor relapse as a result of N1/2 disease. No patient with incomplete resection and local recurrence, systemic relapse, or had aortic subadventitial dissection survived more than 3 years. The most important results of this study derived long-term survival analysis. The N2 and N1 disease had obvious adverse implications on survival. Actually, single station N2 disease was found to have a much better prognosis than can be expected for more extended N2 disease. Consequently, it comes down to patient selection for which most accurate staging, at least with PET-CT and mediastinoscopy is a precondition. Not surprisingly, patients' survivals after complete aortic resection-reconstruction were found to be 67% at 5 years, with 2 patients surviving more than 5 years, which was significantly better than that of aortic dissection patients (p=0.001), and is identical with a 70% 5-year survival of patients with preoperative chemotherapy reported by Ohta and colleagues [15] . In conclusion our results indicate that primary surgery is justified in selected patients with single station N2 nonsmall cell lung cancer and invasion of the descending aorta. There are clearly many legitimate ways to carry out such a complex operation. However, clamp-and-sew is an effective means of repair of the descending aorta with a calculated risk of spinal cord dysfunction. The data suggest that aortic resection-reconstruction is associated with better outcome than subadventitial dissection. Further studies should address the appropriate surgical technique and medical therapy whether preoperative chemotherapy ultimately improves outcome and survival, or is postoperative chemotherapy prefered.
Notes

